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THE MANUFACTURE OF ELECTRICAL
CONDENSERS.

By G. F . MANSBRIDGE, Member.

(Paper received January 8, and read in London on May 7, 1908.)

Although electrical condensers are among the oldest devices in the
art of applied electricity, it is only within the last few years that the
demand for them has assumed any degree of commercial importance.
Until about 1898 practically the whole of the supplies were for telegraph
work, but since then the situation has been entirely changed by the
great development of the telephone service of the world, and par-
ticularly of the common-battery system, in which condensers play a
modest but important role. The magnitude of the present demand
may be gauged from the fact that the aggregate output of condensers
in Europe and America during 1907 is estimated at the once-inconceiv-
able capacity of 5 farads.

With manufacture established on this scale, economy in production
is imperative, and the skilled hand of the 'nineties, who laboriously
assembled or "built" his 1 or 2 microfarads per day, has given
place to the machine hand who, with less physical distress, readily
turns out one hundred times that quantity per diem. As a result the
manufacturing costs have been so greatly reduced that condensers
equal in quality to those produced ten years ago can now be purchased
at approximately one-tenth the price. This reduction in cost has
brought about a yet further increase in the demand, since it now.
pays to employ condensers for many services from which they were
previously shut out by their high cost. Consequent, no doubt, upon
the newness of the industry, very little seems to have been published
in the way of precise physical, electrical, or manufacturing data, and
the present paper is an attempt to deal with some of the technical
points which seem to be of the most importance in the manufacture
and use of condensers.

Throughout the paper the subject has been looked at chiefly from
the point of view of the practician ; the numerical data quoted must
therefore be considered, not as figures obtained in a laboratory, but as
representing the carefully digested results of workshop tests made in
the ordinary course on large batches of condensers. These tests,
though made with reasonable care, may not be of the high order of
accuracy obtainable with tests of isolated specimens taken under
laboratory conditions, but it is thought that their accuracy is sufficiently



536 MANSBRIDGE : THE MANUFACTURE OF [May 7th,

close for all ordinary purposes, and that they will be of practical value
as representing the average of a very large number of results obtained
under commercial conditions. The author has, moreover, no respect
for five-figure results worked out on two-figure galvanometer deflec-
tions.

Many of the data are gleaned from the records of the Post Office
factory at Mount Pleasant, Clerkenwell, London, E.C., and for permis-.
sion to publish these the author has to acknowledge his indebtedness
to Mr. J. W. Willmot, I.S.O., the Controller of the Factories' Depart-
ment of the Post Office.

For convenience of description, the various types of condensers are
considered separately.— They fall naturally into four chief classes
namely—

I. Mica.
II. Glass.

III. Paper or other fibrous material impregnated with wax,
resin, oil, etc.

IV. Electrolytic cells.

I. Mica Condensers.—On account of the very high cost of mica sheet
suitable for the work, condensers of this form are but little used.

Mica condensers, when well made, retain their capacity and insula-
tion better than those made of paper, and they have also a higher
dielectric strength for the same thickness, but the cost per microfarad
is approximately ten times greater than that of paper condensers,
Fortunately, the inductive capacity of mica is high (about twice
that of paraffined paper), or the labour cost would be excessive, since
the size of the sheets is limited to about 4 in. by 3 in., the cost of
larger sheets of uniform thickness being prohibitive. A good working
thickness is 0*0015 to O'OO2 in., and if the material is carefully selected,
there is no necessity, for ordinary purposes, to use more than one sheet
between consecutive foils. For purposes where mechanical strength
in the condenser plate itself is of special advantage mica is very satis-
factory, and for standards it is unrivalled. In standards the chief
desiderata are :—

(1) Constant capacity with efflux of time.
(2) Constant capacity with varying temperature.
(3) High insulation and low absorption.

To obtain (1) it is necessary that the mica and tinfoil sheets be
perfectly flat and free from inequalities, so that they will build up
under pressure into a solid mass without flexure or mechanical strain ;
it is also necessary that in assembling the sheets all air-bubbles be
excluded.

To obtain (2) advantage is taken of the fact discovered by Dr.
Alexander Muirhead* that the mica sheets have a positive temperature

* U.K. Patent 15337, I89I
>

 A- Muirhead.
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coefficient if coated with shellac, and a negative temperature co-
efficient if coated with paraffin. By building a condenser in two
sections, one treated with shellac and one with paraffin wax, the
variation of capacity within ordinary limits of temperature can thus
be brought practically to vanishing-point.

To obtain (3) it is necessary to use only selected sheets of the finest
clear "ruby" mica, which must be uniform in thickness throughout the
sheet, and free from cracks, veins, or flaws; spotted or " speckled "
mica is useless for the purpose.* The shellac employed should be
the finest button lac dissolved in absolute alcohol and carefully
strained until perfectly free from suspended matter. The building
up or assembling of the sheets of foil and mica may conveniently
be done on a " hot plate," the greatest care being taken to exclude
air-bubbles, grit, or excess of paraffin or shellac. The desiccation
should be slow but thorough, and the temperature should not exceed
2i20Fahr. The finished condenser should be carefully and not ex-
cessively pressed, and should be allowed to cool under pressure in
the ordinary way.

II. Glass Condensers.—A few years ago the Leyden jar would not
have called for comment in a "practical" paper, but the requirements
of wireless telegraphy and X-ray work have latterly increased the
importance of apparatus of this character, and there is now quite an
appreciable trade in glass jars for this specific .purpose. As is well
known to wireless workers, Leyden jars, like other condensers, are
prone to fail in use if at any point there is imperfect contact between
the conductor and the dielectric, and to avoid this difficulty the best
plan is to silverplate the glass. This may be done by precipitating
metallic silver on to the glass in the form of a bright continuous film
by the well-known method employed for silvering galvanometer
mirrors, etc. The solution generally used is nitrate of silver which
has been treated with ammonia until the precipitate first formed has
been completely re-dissolved. The surface of the glass must be
cleaned with the most scrupulous care before. plating is attempted, or
an imperfect coating will result. The silver coating should then
be mechanically strengthened by a protecting layer of varnish, or it
may be over-plated with copper.

An important development of this silver-plated Leyden jar is to be
found in the Moscicki high-tension condenser recently placed on the
market. A brief description of this condenser has already been made
public, but it is thought that the apparatus is of sufficient interest to
warrant detailed reference, and by the courtesy of Messrs. Isenthal &
Co., of Mortimer Street, London, the author is able to exhibit a condenser
of this form in a manner which will permit of the construction being
readily seen. In the author's opinion this condenser represents the
most satisfactory and practical high-tension condenser for commercial
work which has been introduced up to the present.

* An interesting memorandum on mica has recently been published by the United
States Department of the Interior.
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The failures of previous high-tension condensers were due to im-
perfect adaptation of the material to the requirements and to the
inherent weakness or instability of the dielectric, and, as is well known,
the working life of such condensers was invariably short. In the
Moscicki condenser great technical skill has been shown in adapting
the material so as best to meet the onerous conditions. An imperish-
able and highly stable material, glass, is used for the dielectric, a most
intimate and complete contact is made between the conductor and the
dielectric by chemical deposition of silver, excessive strains are
avoided at the point of high dielectric stress (the edges) by suitably
thickening the dielectric at this point, and the effects of local heating
are minimised by water-cooling. The failures of high-tension con-
densers of other types have no doubt engendered a certain feeling of
distrust in the minds of many station engineers, and it may be that this
suspicion will take some time to eradicate. In view, however, of the
large number of stations working with a power factor ranging about
075, and of the advantages to be gained by improving this power factor,
the author would suggest that the question of installing a battery of
modern glass condensers at such stations is worthy of more than passing
consideration.

III. Condensers with Paper or othet Fibrous Dielectrics.—Although
this form of condenser has been employed for many years, there have
been but few important changes in the process of manufacture until
lately. The standard practice up to the last decade was to use separate
sheets of tissue paper and separate sheets of thin metallic foil, and the
method employed was to dry the paper by heat, then to transfer it to
a bath of hot paraffin wax, and after due soaking to build up the
condenser on a " hot plate," the paper being taken sheet by sheet
from the bath of hot wax. At least two sheets of paper were used
between consecutive foils, the alternate foils being bunched into two
books in the well-known way. The paper used was of fine quality,
giving only a minute percentage of ash on incineration, being free from
grit, holes, specks, etc., and being neutral in chemical reaction. A good
working thickness was o-ooi in. The metal foil was usually of tin,
the thickness being about O'OOO3 in.

Obviously this method of building condenser plates was slow,
tedious, and expensive, and it had the further disadvantage that as
the workmen who handled the material were exposed to a high
temperature, the risk of contamination of the wax by emanations
from the body was great; indeed, the difficulty was such a serious
one that the manufacture of satisfactory condensers in very hot
weather was practically impossible, and in London it often became neces-
sary, on this account, to cease manufacture during the summer months.
Even in cooler weather it was necessary to select workmen who were
not prone to perspire freely, as only such men could be depended upon
to produce condensers with satisfactory and permanent insulation.
In consequence of this difficulty, the author found it of advantage
to build up the condenser plates "dry" in a separate room and to
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desiccate and impregnate the condensers as a subsequent operation.
By this arrangement practically all the handling was done under more
favourable conditions in a cool shop, and the electrical results obtained
were more satisfactory than under the old system, and at the same
time the cost of manufacture was considerably reduced. The slow
process of assembling the sheets one by one and of handling about
250 separate pieces to make up a i-microfarad plate had, however, still
to be reckoned with, and the percentage of failures through short
circuit or low insulation was considerable, so that the labour cost
remained an important factor.

The next step was in the direction of bringing down this high
labour cost by reducing the number of pieces to be handled. The
method adopted was to wind up into the form of a roll long strips of
metal foil, two strips of paper being interposed between each foil—
that is, six strips in.all. This method, which was introduced to the
Post Office by Sir John Gavey in 1899, had, however, difficulties of its
own. Pure tin foil of the requisite thinness could not at that time be
obtained in strips longer than a few feet, and the alternatives were :
(1) to feed between the rolls of paper a series of strips of pure tin foil
some 4 ft. long, each strip overlapping its predecessor by an inch or
two so as to maintain continuity ; or (2) to use an alloy of lead and tin
which could be obtained in continuous lengths. The former was an
awkward and unmechanical arrangement, and the latter had the
disadvantage of producing a heavy and bulky condenser. Both
methods also involved a considerable proportion—rarely less than
10 or 15 per cent.—of short circuits, in the finished plates brought
about by grit in the foil or by defects in the paper. In endea-
vouring to overcome these difficulties, the author hit upon the idea
of using metallised or "foiled" paper of the same character as that
sometimes eniployed for wrapping up packages of tea, etc. Experi-
ments showed that commercial " tin-foiled paper " as then made was
not sufficiently reliable as an electrical conductor for the purpose;
indeed, many samples, although having apparently an excellent
metallic surface, were found to be almost as devoid of conductivity
as paper itself. Microscopic examination revealed that this want of
conductivity was chiefly due to the tin being distributed, not as a
continuous film over the surface of the paper, but in small isolated
patches, the breaks between the contiguous patches being due to small
fibres of the paper standing above the average level. Further, it was
found that even in those samples which gave fair conductivity in the
plain sheet very little creasing of the paper sufficed to destroy the con-
tinuity. The matter was, however, considered sufficiently promising to
warrant careful investigation, and the difficulties in the way of producing
a thoroughly reliable conducting surface on such paper were found to
be surmountable.*

For assistance in carrying this part of the work to a successful
issue, the author desires to express his indebtedness to Messrs. Olive

* U.K. Patent 19451, 1900, G. F. Mansbridge.
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& Partington, Ltd., of Upper Thames Street, London, who gave
the matter considerable technical attention at their works and who
were the first to produce foiled paper for electrical purposes on
a commercial scale. 'As soon as supplies of good electrical foiled
paper became available the manufacture of condensers on this
principle was taken up by the Post Office, and subsequently by various
commercial firms, under licence from the patentee.

The process of preparing this foiled paper is fairly well known in
the paper-making trade, but as the matter will probably not be so
familiar to members of this Institution, a brief description may be of
interest.

As is well known, metallic tin may be thrown down from its solution
either chemically or electrically in the form of an impalpable powder,
and the preparation of the finely divided metal is the first process.
The ingot tin—previously granulated or " feathered "—is dissolved in
nitrohydrochloric acid, and after all scum and insoluble matter have
been removed, the solution is diluted and the tin is carefully precipitated
by metallic zinc, or by the action of a weak electric current. For the
best results the most minute subdivision of the tin is essential, since
only the thinnest layer of metal is desired, and unless this layer is
uniform, metal will be wasted or imperfect continuity will result. After
precipitation the powder is repeatedly washed to free it from all traces
of acid, and is sifted through sieves of the most minute mesh so as to
eliminate all large particles of tin or any grit with which it may have
become contaminated. A suitable adhesive such as size is added, and
the tin mud is then passed to the coating machines. These are
provided with mechanical stirrers to prevent the metal settling, and
with rotating brushes and spreaders to distribute the metal evenly
over the surface of the paper as the latter passes through the machine.
In some machines the paper is passed over heated cylinders so as
to dry the coated surface quickly, but as this is liable to reduce the
efficiency of the adhesive it is preferable that paper for electrical
purposes should be dried more slowly—for instance, by exposure
to currents of warm air. The dried paper then presents a dull grey
appearance, and microscopic examination shows that the surface is
covered by a magma of minute crystalline particles forming a layer of
appreciable depth. The paper then passes to the burnishing rolls,
which consist of heated heavy steel calenders or friction rollers
between which the paper is fed. These friction rollers compress the
dull magma of tin powder into a coherent thin film having the lustre
of the polished metal. During this process any comparatively large
crystals of tin or particles of grit which may have escaped untrapped
will be driven partly or wholly through the paper, but the effect of this
is eliminated by the subsequent electrical treatment, as described later
on. The paper is now passed to the slitting machines, where it is
trimmed and cut to any desired width.

It is interesting to note that prior to the calendering process
referred to, the film of tin powder is non-conducting, the conductivity
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being produced by the action of the steel burnishing cylinders, which
so consolidate the coating as to bring the particles into intimate contact
each with its neighbour. Perfect contact between every particle of tin
and its immediate neighbours can hardly be expected, but in view
of the entire want of conductivity before calendering, it is perhaps
surprising that in properly calendered foiled paper, with a fairly heavy
coating, the conductivity of the coating may be as much a§, 50 per cent,
of that of a continuous strip of pure tin of equivalent weight. On the
foiled paper as usually made for condensers, the quantity of tin averages
25 grains to the square foot, and the conductivity is about 25 per
cent, of that of pure tin, the resistance of a strip 1 ft. wide averaging
o*3 ohm per foot run, that is, 0'3 ohm per square foot or per square
metre. This density of coating gives a surface of 280 sq. ft. to the
pound of tin, or say, 57 sq. metres per kilogramme of tin. The
average thickness of the tin fiim is therefore as nearly as possible
o'oooi of an inch, or say, 0̂ 0025 millimetre. Seeing that the material
is semi-transparent, the current-carrying capacity of this film is
surprisingly high, the fusing current in air being rather more than
1 ampere per inch of width for the standard coating of 25 grains
per square foot; this is assuming that the paper has not been creased.
Bending the paper round even a very small radius does not affect the
continuity, but if the paper be very closely folded back on itself so as to
put the film sharply in tension or compression, a certain amount
of disintegration follows, and the fusing, current is correspondingly
lower. By using a greater density of coating, say, 46 grains per square
foot, the effect of creasing is greatly diminished, but there is no
necessity for this higher density in condenser work, since the creases
in the rolled condenser even at the centre of the roll are not very sharp.

Continuous reels of electrically-conducting foiled gaper being
available, the manufacture of a condenser is a very rapid and simple
operation, since all that is necessary is to roll up together two strips of
foiled paper, interleaved with two strips of plain paper, the number
of turns being dependent on the capacity required.

The foiled papers may be placed with their metallic sides facing
each other, but separated by the two plain papers, in which case the
two body papers form the dielectric on the opposite side, or, alter-
natively, the papers maybe arranged so that the dielectric on each side
is made up of one body paper and one plain paper. The latter plan
is preferable, as it gives a more even distribution of the dielectric
strain. Interleaving paper is invariably used for telegraph or telephone
condensers, since the insulation otherwise obtainable is but a few
megohms. The machine usually employed for the rolling operation
accommodates two reels of plain and two reels of foiled paper, and is pro-
vided with a set of interchangeable winding mandrels of various dia-
meters. The winding of the strips on to the mandrel is usually done by
hand if the number of turns per condenser is small, but in some instances
more than a hundred turns have to be wound on, and the mandrel may
then be power driven with advantage, but in this case a mechanical
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counter becomes essential. The placing of the strips in position and
the starting must be done by hand, and this also applies to the insertion
of the connecting lugs, which should be strips of annealed copper foil,
about o-ooi in. thick and § or £ in. wide. These strips are simply
slipped into place between the foiled surface and the interleaving
paper, and are so light that they readily retain their position ; they
should make*contact with the foiled surface over practically its full
width and should protrude about i in., so as to serve subsequently as
a soldering point for the wire connection. The two lugs should be
placed at the middle of the foiled strips rather than at the beginning
or end, so as to avoid interposing any appreciable resistance into the
condenser circuit. This plan has the additional advantage that thereby
the innermost layers, which possibly may have been rather sharply
creased, are not called upon to transmit any considerable current on
charge or discharge, as would be the case if the lugs were placed
at the inner end of the roll.

The necessity for having mandrels of different diameters arises from
the fact that variously shaped condensers are demanded ; obviously
plates of any desired capacity can be made on any one mandrel by
merely varying the number of turns. From first principles it would
be expected that the capacity would be directly proportional to the
area of the electrodes, but in practice it is found that, within limits,
plates of high capacity require appreciably less area per microfarad
than those of low capacity. This is particularly the case where the
thickness of the plate is small in comparison with its length and
breadth. There is therefore a saving in material as well as in labour
by building the plates in as large units as possible. Further, it is found
that plates built with narrow foiled paper require less material per
microfarado than those built with wide paper, the treatment and
material being otherwise identical throughout. This effect is doubtless
due to the wider paper offering greater facilities for trapping the
paraffin instead of allowing it to be expressed. The two effects taken
together indicate that a condenser in the form of a cube would require
less material than one in any other shape. The cube is, however, not
the most suitable shape for manufacture, and as the conditions of
service are often such as to demand the adoption of thin, flat plates,
the usual compromise has resulted. The standard sizes adopted by the
Post Office are shown in the specifications included in the Appendix.
The capacity most in demand for telephone work is 2 microfarads, and
as plates of this, size form a convenient manufacturing unit, they are
usually taken as the basis on which to frame standard data for manu-
facturing purposes. Condensers of larger capacity are almost in-
variably built up by assembling standard units, rather than by direct
manufacture in large plates. The usual sizes of paper at present in
use are : for interleaving paper, 7^ or 4 in. wide by £ mil thick, giving
about 400 sq. ft. to the pound ; for foiled paper, 6f or 3% in. wide by
1 mils thick, giving 100 sq. ft. of conducting surface to the pound, and
consisting of 35 per cent, tin and 65 per cent, paper.
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At one time an unfoiled margin was left on each side of the foiled
strip, but since the introduction of the " breakdown process" subse-
quently referred to, this has been found unnecessary. The substance
of the paper is gauged on a ten-fold thickness by means of the usual
screw micrometer, as specially made with large contact surfaces for
paper gauging. With i£-mil foiled paper and £-mil interleaving
paper, the area required for." a 2-microfarad plate is about 12^ sq. ft.
for each electrode. The volume of the plate after waxing and pressing
is approximately 7^ cub. in., and the weight 7 oz. The insulation
between the electrodes, taken at 6o° Fahr. with 400 volts after
one minute's electrification, usually lies between 1,000 and 2,000
megohms per microfarad.* Any lower insulation than 1,000 megohms
per microfarad is an indication of imperfect desiccation, excessive
pressure, or faulty material.

It should be noted that the specific insulation (resistivity) of foiled
paper is lower than that of plain paper, the difference being due chiefly
to the fact .that the former is heavily sized. It is, however, only for
special purposes that condensers of extremely high insulation are
demanded. In such cases, by using the utmost care and material of
the very highest quality, it is possible to obtain an insulation of nearly
20,000 megohms per microfarad (400 volts, 6o° Fahr., 60 seconds).
Such condensers are invariably built up of sheets rather than by the
rolling process, since it is necessary to use only perfect sheets, and the
rolls of paper cannot readily be examined; under these conditions
metallic foil may be used in preference to foiled paper. Three sheets
of paper are usually interleaved between consecutive foils. The
obvious, but often overlooked, fact may here be commented upon that
to increase the number of interleaving papers, while increasing the
actual insulation of the plate, does not increase the " megohms per
microfarad," since the capacity falls in proportion to the rise of. insula-
tion, provided, of course, that there is no abnormal leakage through
definite faults.

For certain purposes, such as absorbing the spark across the break
of sparking coils, leaky condensers, that is, condensers with specially
low insulation, are of advantage, since the high-resistance shunt afforded
by the low insulation across the break materially assists in suppressing
the primary spark and in thereby lessening the pitting of the contacts.
The low insulation necessary may conveniently be obtained by rolling
up foiled paper without any interleaving paper, the plate being in other
respects treated in the ordinary way. The insulation obtainable will
depend partly on the thickness of the foiled paper and partly on the
intensity of pressing, but will usually be of the order of a megohm.
An important detail in the manufacture of condensers for spark
suppression is that there must be no appreciable.resistance in the
condenser circuit, that is,, in the electrodes or thin connections. The

* The expression " megohms per microfarad," though incorrect, is so generally
.employed that-the custom has been followed throughout this paper; the phrase
should, however, invariably be interpreted as " megohm-microfarads."
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insertion of even i ohm in series with the' condenser of a high-
frequency spark coil markedly increases the sparking at the primary
contacts.

The value of the advance made by the introduction of foiled paper
for condenser making lies in the fact that in this material the dielectric
and the conductors are more correctly proportioned to their work than
is possible when solid metal foil is used'. Owing, therefore, to what
may be called the better design of the foiled-paper condenser, it
is correspondingly cheaper, lighter, and smaller. Even with foiled
paper, although the quantity of metal per unit area is extremely small,
the conductance of the electrodes is in excess of the actual require-
ments, whilst if solid foil is employed, it is necessary to use fully ten
times the weight and volume of metal that would suffice if only the
conductance had to be considered. The necessity arises from the fact
that metal foil cannot be rolled in continuous lengths to give a greater
covering surface than about 90 sq. ft. per pound (about i8£ sq. metres
per kilogramme), and even with this thickness the foil is extremely tender
and requires delicate handling, as, if made of pure tin, it is only
0x1003 in. thick. The metal foil is in addition expensive, and is
by far the most costly item in the construction of a condenser.
Further, when metallic foil is used, short circuits are very apt to
develop both during manufacture and in subsequent use. The short
circuits are due to grit in the foil, or to pinholes or other defects
in the interleaving paper, or are consequent upon disruptive dis-
charges caused by the application of a voltage in excess of the
dielectric strength.

Now with respect to these short circuits or disruptive discharges,
however produced, condensers made of foiled paper have the peculiar
advantage of possessing to an almost perfect degree the property which
in a pneumatic tyre is called self-sealing, and consequently they are
practically proof against short circuit, and can be subjected to much
higher voltages than is permissible with those made from metallic foil,
any momentary short circuits produced by a disruptive discharge being
instantly and automatically sealed. This automatic sealing is brought
about in the following way : owing to the extreme thinness of the
conducting film the small quantity of heat generated at the point of
short circuit by the sudden discharge of the condenser through that
point is sufficient to cause the film of metal immediately surrounding
the point of breakdown to be fused, into minute globules. The segre-
gation of these globules from each other and from the surrounding
metallised surfaces effectually isolates the point of breakdown, and the
defect is instantaneously sealed up. So rapid, indeed, is this effect,
that if a pin is stuck into an insulated charged condenser so as to pro-
duce short circuits between the foiled papers, the short circuits seal up
without fully discharging the condenser, and a dozen or more of such
short circuits may be created one after the other before the condenser
becomes fully discharged. Consequent upon the observation of such
an effect as this, the author conceived the idea of electrically treating



FIG. I.—Micro-photograph of a " Breakdown Point " after Electrical
Treatment.
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the foiled paper before making it up into condensers in such a way as
practically to eliminate all pinholes or defective places by subjecting
them momentarily to currents of such strength as to produce a minute
non-conducting ring round each defect, thereby isolating it from the
surrounding surface.* The apparatus for doing this is of the simplest
character. All that is necessary is to pass the paper, foiled side upper-
most, over a conducting roller, and to maintain a suitable potential
difference between the roller and the foiled surface. When any pin-
hole or weak place in the paper reaches the roller a short circuit occurs,
and the momentary rush of current, concentrated round the defect,
produces a bright spark at the defective spot on the foiled surface. As
in the case of the finished condenser, the effect of this spark is to
isolate the defect by volatilising or fusing the film of metal immediately
around it. In this way all the weak places in the dielectric are detected
and isolated before the paper is brought'into use, and in consequence
it is possible to use thinner paper, both foiled and plain, than would
otherwise be safe. The process of isolating or removing these faults
is quite automatic, and the apparatus once set requires practically no
adjustment; all that is necessary in this respect is to see that the
current at the moment of short-circuiting is sufficiently strong to fuse
the metallic film in the immediate neighbourhood of the defect but is
not so strong as to burn the paper. If current from lighting mains is
employed a series resistance is necessary to limit the short-circuit
current. With ioo volts this resistance should be about 15 ohms, and
with 200 volts about 150 ohms. Experience shows that the searching
effect of the voltage is increased by connecting a condenser of con-
siderable capacity, say 20 microfarads^ across the potential terminals,
but a series resistance of about 50 ohms in the condenser circuit is
needed to tone down the suddenness of the condenser discharge.

The values given above for voltage, capacity, and resistance are in
no sense " critical," and they may be varied considerably without
seriously affecting the result; in adjusting the values the best con-
ditions may easily be found if regard be had to the fact that the result
desired is the production of a small uncharred hole surrounded by a
minute ring of perfectly clean white paper. Fig. 1 is a microphoto-
graph of a typical " breakdown " point after treatment by the afore-
mentioned process. The hole made by the spark is shown as a dark
spot, and the ring of paper from which the metal has been completely
removed may be seen round the hole, although the want of contrast
between the polished metallic surface and the white paper renders the
ring somewhat indistinct in the photograph.

As the process of eliminating these defective places in the paper is
largely one of breaking down the weak spots, the operation is generally
described as the " breakdown process." The voltage used may con-
veniently be one-half of- that with which the finished condenser is
finally to be tested, that is, if only single interleaving papers are to be
used. If the condensers are to be made for 1,000 volts or thereabouts

* U.K. Patent 22139, 1905, G. F. Mansbridge.
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rt is necessary to use double or treble interleaving papers, and in this
case the obvious course is to fix the breakdown pressure at a figure
which will result in the dielectric of the foiled paper being strained
during the breakdown process to an extent rather greater than will be
the case when it is finally used. The author's experience is, however,
that the majority of defects are shown up and removed by a compara-
tively low voltage, and that there is little to be gained by using more
than 200 volts for this process if the condensers are for telephone or
telegraph work. As regards the direction of the current there appears
to be little to choose ; if anything, the preference may be given to con-
necting the positive pole to the plain side of the paper, but the device
works quite satisfactorily with alternating current. When the break-
down device is driven by an electric motor it is of advantage to have
two rollers making contact with the foiled side of the paper at separate
points, preferably not' less than 2 ft. apart; the current driving the
motor may then be led along this strip of foiled paper between the two
rollers, so that should there be any break in continuity in the foiled
surface the current driving the motor would be broken when the fault
passed the first roller, and the stopping of the machine would call
attention to the want of continuity. With paper made by reputable
makers such breaks rarely occur, but there must always be a risk of
this, and as the device is simple and automatic it is worth while to
adopt it. Fig. 2 shows the connections of the breakdown rollers as
arranged for motor driving.

If the apparatus is mechanically driven, a suitable relay may be
connected between the second and fourth rollers so that a local circuit
is completed and a bell rung whenever there is any break of continuity
between the two rollers.

Joints in the paper may have to be made from time to time. These
must, of course, be made electrically continuous, and a simple way of
effecting this is, after the ends have been joined by lapping and pasting
in the ordinary way, to paste on to the foiled surface a 6-in. strip of
foiled paper placed face downwards, so that part of the foiled surface
of the strip makes contact with one side of the break and part with the
other. It is not desirable to paste the whole of the surface of the strip,
since the continuity of the film may thereby be destroyed.; the usual
plan is to paste merely the edges on each side, leaving the middle
portion clean. Good flour paste is found to' give satisfactory results.

The condenser plates having been wound then pass to the drying
oven, and subsequently to the vacuum pans and screw-presses. The
desiccation of the plates prior to waxingniust be very complete and
thorough if the highest insulation is required. Ovens heated by gas,
steam, and electricity are in use for this purpose, but the last-named is
infinitely preferable. The ease with which the temperature can be
controlled, and particularly the facility with which the heat can be
kept to its legitimate purpose instead of being dissipated throughout
the shop, and the absence of objectionable fumes and of steam joints,
which always give trouble sooner or later, are advantages sufficient to
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place this form of oven easily first. For an oven of about 25 cub. ft.
capacity which will accommodate five hundred 2-micr'ofarad plates, a
power consumption of 2 k.w. suffices. The length of time necessary to
produce thorough desiccation depends upon the temperature of drying,
the relative dryness of the air, and the degree of contact between the
hot air and the paper. The temperature permissible is limited by the
necessity to avoid scorching the paper, since cellulose suffers adverse
physical changes if heated much above 2120 Fahr. for any considerable
time. Consequently the practice at one time was to dry the con-
densers at a temperature of 212-2200 Fahr., but this involved from three
to four days' stoving unless the plates were composed of only a very
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FIG. 2.—Device for treating Tinfoil Paper.

few sheets or layers, and were disposed in such a way that the heat
could readily permeate, and the moisture readily leave, the inner-
most layers. This in commercial work is impracticable, since some
condensers of ordinary size have over ico convolutions, that is, 800
layers of paper in the flat roll, and a great many have to be accommo-
dated in the oven at the same time. In seeking for means to introduce
heat into the interior of the condenser, and thereby to expedite the
drying process, the author tried the plan of utilising the resistance of
the strip of foiled paper to generate heat in the interior of the
condenser when a current of suitable strength was passed along it.
To this end all that was necessary was temporarily to short-circuit
the plate by means of the connecting lugs at the commencement of the
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roll, and to pass the current in at another pair of lugs at the end of the
roll. It was found in this way, that with an oven temperature of 212°
Fahr., and an additional expenditure of 4 watts per 2 microfarad plate,
thorough desiccation could be effected in 8 to 12 hours, without any
scorching of the paper, although the temperature inside the rolled
condenser reached 2700 Fahr. Although fairly simple in manipulation,
this method did not lend itself very readily to commercial manufacture
on the large scale, but it served to point the way to the possibility of
using higher temperatures without scorching, and it eventually led to
the use of a simple process which has been found most satisfactory and
efficient, namely, the vigorous churning of the heated air inside the
oven by means of a fan. This rapid circulation results in a great
number of particles of heated air being brought into contact with the
paper in a given time, and as a result of numerous trials it is found that
the use of a fan in this way permits of temperatures as high as 2900 or
3000 Fahr. being employed without scorching the paper. It will be
understood that the fan does not create a circulation of air from
outside, but merely churns the hot air in the oven, and although after a
time this air becomes more or less moisture-laden, the high tempera-
ture enables it to absorb an enormous weight of water before reaching
saturation point. By running up the temperature in this way satis-
factory desiccation can be obtained in as short a time as 8 hours, and
this quick drying is of very great advantage where a large output has
to be maintained.

Fig. 3 is a graph of the insulation of various batches of foiled-paper
condensers which were subjected to different periods of drying under
the conditions indicated above.

One point calling for attention as regards the drying of condensers
is the shrinkage in length which- takes place with many papers during
desiccation. In the case of plain paper newly come from the mill, this
may amount to £ per cent, after 24 hours' drying at 2120 Fahr., and there is
a further shrinkage on waxing. In the case of foiled paper the shrinkage
on drying is much less, and the whole of this occurs prior to waxing.
If perfectly fresh and undried interleaving paper is wound up tightly
with foiled paper and the compound roll is then dried and waxed,
there will be a tendency for the great shrinkage of the interleaving
paper to cause the foiled paper to crinkle or crease when pressed. To
guard against this, the plain paper should either be matured for a
few months in stock, by which time it will have shrunk considerably,
or it should be oven-dried for some hours before use.

After being effectively desiccated the plates have to be impregnated
with paraffin wax. The function of the paraffin is three-fold :—

1. To increase the inductive capacity of the dielectric.
2. To prevent moisture from again reaching the highly hygro-

scopic paper.
3. To retain the condenser in the closely compacted form into

which it is compressed while the wax is hot.
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The inductive capacity of the layers of paper and air which separate
the electrodes before the plate is impregnated is approximately V2, and
on the air being replaced by paraffin this increases to approximately
3"2. Obviously the more thoroughly the air is replaced by the paraffin
the greater will be the gain, and to facilitate this it is advantageous to
impregnate the condensers in vacuo. Hot wax very readily penetrates
paper, and it might be thought that soaking for several hours in paraffin
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FIG. 3.—Foiled Paper Condensers. Average Insulation (300 Volts,
60 Seconds, 6o° Fahr.) after various Periods of Drying.

at 2120 Fahr. would suffice thoroughly to impregnate the paper, but as
the result of tests of some batches aggregating a thousand plates it was
found that the gain in capacity due to impregnation under vacuum
averaed 11 per cent. This means that by using the vacuum process
11 per cent, less material is required for a given capacity, while in
addition the condenser produced is more reliable, since every isolated
air-bubble entangled in the interior tends to reduce the dielectric
strength by causing unequal distribution of strain, and also tends, by

VOL. 41. 36
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expansion and contraction, to cause, in time, a drop in capacity by
separating the layers, and a drop in insulation by affording an oppor-
tunity for moisture to enter the interior of the pJate. An obvious way of
impregnating in vacuo is to exhaust the air from the pan containing the
condensers, and then after complete evacuation to run in the hot paraffin ;
but equally good results can be obtained by simple exhaustion over the
wax, that is to say, by plunging the plates into a pan ofhot wax, fastening
the lid, and then maintaining a vacuum in the upper portion of the pan.
The advantage of the latter plan is as follows. In order to facilitate the
exhaustion it is necessary to heat the paper; this heat can most
conveniently be conveyed unto the inside layers of paper by means of
the hot wax. If the exhaustion is carried out with the paper dry there
is no vehicle to carry the heat into the interior of the condensers, and
only radiated heat from the sides of the pan is effective, since the air
has been withdrawn; for other reasons also the plan of evacuating
over the wax is found to have the balance of. advantage. A photo-
graph of a convenient form of vacuum pan is shown on the screen.
This pan is gas-heated and will accommodate 150 2-inicrofarad
plates per charge. To prevent deterioration of the paraffin by
scorching, the bottom of the pan is made exceptionally thick and
several rows of minute gas jets are provided so as to distribute the
heat uniformly over the bottom. To facilitate the circulation of the
hot wax the plates are not allowed to rest upon the pan itself, but are
laid upon a loose metal grid which stands up an. inch or so from the
bottom of the pan. Two hours impregnation at 2120 Fahr. is sufficient
if a thoroughly good vacuum is obtained. After full impregnation the
vacuum is broken and the condensers are left subjected to atmospheric
pressure for ten minutes, and are then removed from the hot wax and
at once pressed. No advantage can be traced from the employment of
more than atmospheric pressure in the pan after evacuation is com-
plete. The method of pressing and the manipulation at this stage are
of considerable importance, and it may therefore be well to describe
this operation in detail. In the first place it will be obvious that
the greater the pressure the greater, within limits, will be the
capacity obtained, and with this object it is the practice in certain
factories to employ hydraulic machinery and to compress the plates to
the utmost limit. The objections to this course are, however, con-
siderable. First, there is a great tendency to drive the paraffin out of
the pores of the paper and so to leave the paper readily penetrable by
moisture, unless the plates are at once hermetically -sealed. Secondly,
the enormous pressure greatly increases the liability to short circuits,
and although this is of little importance with foiled-paper condensers
owing to the automatic sealing, it is better to avoid it since such break-
downs after the paper has been waxed are always accompanied by a
fall in insulation. Thirdly, the excessive pressure results.in lowering
the insulation to an extent which is out of proportion to the increased
capacity. This effect, which is shown graphically in Fig. 4, necessarily
follows from the reduction in the proportion of paraffin to paper, since
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the wax has much the higher specific insulation. A further objection
to hydraulic pressing is that for commercial reasons it involves the
simultaneous pressing of a vertical pile of plates, and this procedure is to
be. deprecated since the cooling of such a pile is necessarily slow, and
the wax continues to drain out of the inner condensers to such an
extent that when cold there is comparatively little left in them. As the
result of experience, it can be said that for a condenser which is
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FIG. 4.—Foiled Paper Condensers. Relation between Capacity and Insulation
of similar Condensers, subjected to differing Degrees of Mechanical
Pressure.

required to maintain its insulation and capacity for many years it is of
first importance that a good body of wax be left in the plate. For
this reason the pressing of even two plates one above the other is not
permitted at the Post Office factory. The same objections do not, of
course, apply to the pressing of a number of plates side by side ;
indeed, this is the current .practice, and it is found to give satis-
factory results. With the same object—namely, that of retaining a
sufficiency of wax in the plate, the presses are water-cooled both
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on the top and on the bottom. This water-cooling, in addition to
the technical advantage referred to, has also the commercial advan-
tage of increasing the output of the presses, which is of importance
now that condenser manufacture is carried out on such a large
scale. With cooling water at a temperature not exceeding 6o° Fahr.
five minutes' cooling in the press suffices for a condenser £ in. thick ;
for plates of greater thickness a correspondingly longer time is
necessary. The presses are of the screw type, and the question
naturally arises as to why this form is adopted in preference to the
apparently more scientific method of a lever and dead weights. Con-
trary to what might be expected, experience shows that more uniform
results can be obtained with screw-.presses than with levers and dead
weights, and the latter form has consequently been altogether abandoned
at the Post Office factory. Even the use of gauge-blocks for the screw-
presses, by means of which the condensers are pressed to a certain
definite thickness, seems to give less uniform results than can be
obtained by a careful workman with a little practice, without any
guide other than the " feel" of the press, and an occasional capacity
test of the plates as they come from the presses. One objection to
the gauge-blocks is that they do not allow for the small commercial
variations which are constantly met with in condenser manufacture,
and another is that they tend to reduce the operation of pressing,
which is one that really requires some little skill and care, to the mere
manipulation of a machine.

As soon as the plates are fairly cold they should be placed aside to
settle down in temperature before being tested, and in the meantime
they should be protected from atmospheric moisture. Paraffin,
contrary to the opinion of the layman, is markedly hygroscopic, and it
is important that the outer layer of wax should not be allowed to absorb
moisture before the condenser is hermetically sealed ; otherwise the
insulation will steadily fall, as the moisture diffuses throughout the
mass.

In addition to or in substitution of paraffin, various waxes and
mixtures have from time to time been proposed for condenser work.
Beeswax, resin, shellac, ceresine, stearine, lead stearate, etc., have all
been suggested, and for each some special advantage has been claimed
in the way of higher inductive capacity, greater dielectric strength, or
less affinity for moisture as compared with paraffin. The author has,
however, been unable to find that any one of these substitutes possesses
the all-round advantages of good paraffin ; this material, plain and un-
adulterated, is therefore recommended save for special cases where a
peculiar property of one or other of the substitutes may justify its use
to meet the peculiar conditions. For condenser work a high quality of
wax is necessary, but this does not necessarily imply a high price or a
high melting-point. For use in tropical countries paraffin of a specially
high melting-point is desirable, but for use in the temperate zones wax
with a melting-point of about 1300 Fahr. answers most requirements.
The-melting-point or, more correctly, the "setting"-point, may be
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determined in a very simple way, although various methods of a more
elaborate character find favour in some chemical laboratories. The
plan adopted by the author is to insert a calibrated thermometer with a
small bulb into a vessel of hot wax, and as the wax cools to observe the
fall of temperature with respect to time. If the thermometer and the
quantity of wax are suitably chosen there will be a well-defined period
during which the temperature becomes stationary; this temperature
represents the setting-point. The observation can be repeated by

FIG. 5.—Cooling Curves for Paraffin Wax.

different unskilled observers with 5identical results, provided that the
locaf conditions are approximately the same for each observation.
Some typical curves showing the result of this method are reproduced
in Fig. 5. A convenient quantity of paraffin is about 2 oz. contained
in a test tube or beaker \\ in. in diameter ; the thermometer generally
used has a bulb of \ in. diameter by J in. long. If a thermometer with
a very large bulb is used the effect may be partially masked, since the
quantity of latent heat given out by the paraffin on solidifying is not
great, but even under these conditions the setting-point may be
estimated very closely.
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For condenser work the wax cannot be considered satisfactory
unless it is chemically neutral and free from unsaturated hydrocarbons.
Its suitability in this respect can readily be ascertained by the usual
chemical tests. ^

Before being run into the vacuum pan the wax should be strained
through sieves of the finest mesh (a few thicknesses of muslin will
answer very well) to remove mechanical impurities.
• In all stages of condenser manufacture handling by the workmen

should be restricted to a minimum, and no operative who is inclined
to perspire freely should on any account be permitted to handle the
plates prior to boxing. Paraffin readily absorbs the moisture and salts
of the body, and a condenser plate, once contaminated in this way,
will have a short life so far as insulation is concerned. From this point
of view the ideal method of manufacture is to place the dried plates in
metallic cases, to plunge the whole into the hot wax, then to exhaust
the air, and finally to take out the condenser complete in its case so
that the plate after impregnation suffers no handling whatever. The
objections to this plan are that there is so little control over the capacity,
and that there is such great waste of material, since the pressure which
can be brought to bear is so small; the method can, however, be
recommended where long life is of more importance than first cost.

In default of reaching the ideal, the best that can be done commer-
cially is to handle the plates as little as possible and to seal them
hermetically in metal cases as soon as possible after manufacture, and
this is the course adopted at the Post Office factory. Reference has
already been made to the question of dielectric strength. As is well
known, this, with paraffined paper, is apt to be a very variable quantity,
particularly when—as with most commercial condensers—the electrodes
are separated by only two thicknesses of paper, since a weak spot in
one of them so largely reduces the resistance to disruptive discharge.

As a rough approximation, it may be said that with ordinary paraf-
fined paper at 6o° Fahr. the breakdown-point is approached when the
pressure reaches the equivalent of 150,000 volts per centimetre. With
foiled paper, however, the result of the automatic sealing is practically
to double the effective dielectric strength.

Fig. 6 shows graphically the results obtained on subjecting an
ordinary telephone condenser, made from foiled paper, to steadily
increased pressure. As the voltage rose above the normal point of
dielectric strength the paper broke down, possibly at several places,
but each short circuit sealed up as fast as it was formed, and not .until
the pressure reached 1,200 volts was the condenser rendered useless.

For telegraph condensers, which are generally required to be
adjustable, an outer wooden case carrying a peg-switch is provided ;
the internal construction is as follows. • Separate condensers of suitable
capacity 'are selected, and after a preliminary test are assembled
between a pair of sheet-iron plates, which are then bolted together.
The object of these clamping plates is two-fold ; first,' to build up the
separate condensers into a substantial mechanical structure; and
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secondly, to keep upon them a certain degree of pressure so as to
counteract the natural tendency towards a drop in capacity. The
batch of plates so assembled is built up into a solid mass with plastic
paraffin, and is then hermetically sealed in a tinned-iron case, the
opening where the wires are brought out being sealed with a non-
contracting mixture of gutta-percha, resin, stearine pitch, and Stock-
holm tar.*
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This compound does not flow at high temperatures, does not get
brittle when frozen, adheres firmly to metal surfaces, and contracts

* The mixture consists of :—

Gutta-percha scrap ... 20 parts
Resin ... ... ... ... ... 14 „
Stearine pitch 6 „
Stockholm tar ... ... 14 „

Commercial stearine pitch varies considerably in hardness, and if the mixture so
made proves too hard it may be tempered by the addition of a little boiled linseed oil'.
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very little on cooling. The same mixture is used for sealing the top
of the tin cases of telephone condensers, the metal cap which is sub-
sequently soldered in position being merely a mechanical protection.

For telephone work nothing more is necessary than a hermetically
sealed metal case, since the condenser is usually covered up and pro-
tected by the telephone apparatus. On the Continent papier-mache
cases have been adopted to some extent, but their use cannot be
recommended, since papier-mache readily absorbs moisture, and in
consequence the insulation of a condenser contained in a case of such
material cannot be relied upon for any length of time. Such cases are
cheaper to make than metal ones, and they obviate any risk of contact
between two circuits via the cases of two contiguous condensers, each
of which has developed contact with one of the contained electrodes,
but inasmuch as satisfactory and lasting insulation between the elec-
trodes and the case is obtainable with ordinary care there would seem
to be no sufficient reason for the employment of such an untrustworthy
material as papier-mache.

In speaking of the insulation resistance of a condenser it is neces-
sary to be most precise as to exactly what is meant. The insulation is
usually expressed either in terms of the percentage loss of charge after the
charged condenser has been insulated for a certain time or as so many
megohms per microfarad. The " percentage-loss-of-charge" method
is used chiefly for standards and for submarine cable condensers ; for
ordinary telegraph and telephone condensers the insulation is more
often reckoned as " megohms-per-microfarad." Neither expression is
a precise specification of the insulation value unless certain datum lines
are assumed or stated. The first of these necessary data is the tem-
perature at which the test is taken, the second is the value of the
voltage applied, and the third is the time which is allowed to elapse
between the first application of the voltage and the moment at which
the leakage is measured. For the loss-of-charge method the periods
of charge and of insulation have to. be stipulated. The latter period
is commonly taken as i minute, but the period of charge is not so well
standardised, 15 seconds being taken by some observers and 60 seconds
by others. The pressure often employed for this test is 100 volts. Of
the scanty literature on this subject the most noteworthy seems to be
that contained in an article * by Messrs. Dearlove and Sayers, who have
given the results of some interesting experiments made by them on
tinfoil and paper condensers as made for submarine telegraph work.

With respect to temperature, 6o° Fahr. is in this country the standard
generally accepted for tests made by both methods.

The voltage adopted for the "direct deflection" or megohms-per-
microfarad method varies according to the nature of the duty demanded
of the condenser. The period of application of the pressure in this
case is usually 2 minutes ; the leakage is measured at the 60th second
after the moment of application, and the insulation is calculated

* Electrical Engineering, March 21, 1907, " Relative Dielectric Resistance at various
Temperatures of Paraffined Paper Condensers."
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on the basis of that moment's reading. During the whole period
of the test the leakage should steadily decrease; and as a measure
of this absorption or "electrification," it is usual to take the
difference between the readings at the end of the Ooth and the
120th second respectively, and to express this difference as a per-
centage of the reading at the 6oth second. With a good condenser
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FIG. 7.—Foiled Paper Condensers. Insulation and Electrification with
various Voltages.

this percentage will usually fall between 25 and 35 if the test is taken
at 6o° Fahr. The degree of electrification falls markedly with a rise
in temperature. The behaviour of a condenser in respect to elec-
trification is an important indication of its quality, as incipient defects
give the first indication of their existence by producing unsteady or
"negative" electrification. Fig. 7 shows typical insulation and elec-
trification curves of foiled-paper condensers when tested with various
voltages. The relation between time and insulation, and also between
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voltage and insulation, is clearly shown by these curves, and it needs
only a glance at them to see how necessary it is closely to specify the
precise data of any test. Fig. 8 shows similarly the variation of insula-
tion with constant voltage and varying temperature, the tests being
taken after i minute's application of the voltage, the temperature
in each case being maintained for a period long enough to allow the
condenser thoroughly to take up the new temperature. As may be
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deduced from the curve, the correcting coefficient for foiled-paper
condensers is as nearly as possible 3*50 per cent, per degree Fahr.
or Y6o = Y<i'O35'~6°, where Y, and Y6o are respectively the observed
insulation resistance at t° Fahr. and the corrected insulation resistance
at the standard temperature of 6o° Fahr. This assumes that the insula-
tion is measured after 60 seconds' application of a pressure of several
hundred volts. It is not suggested that this formula has an accuracy
which is comparable with that of a copper-resistance temperature
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coefficient, since the difficulties of measurement are so much greater
in the former case, but it is thought that the formula will be found
generally to give, over a considerable range of temperature on both
sides of 6o° Fahr., results sufficiently accurate for commercial purposes.

From general considerations one may anticipate the existence of a
relation such as—

Qoc—,
vt

where—
Q = megohms per microfarad.
s = seconds after application of voltage.
I = temperature in degrees Fahr.
v = applied voltage.

Analysis of a number of insulation and electrification curves shows
that the relation may be expressed in a simple numerical form, and
for foiled-paper condensers the following approximate empirical formula
is obtained :—

Q = AOO r— r '
vl x 1*035*_-6°

For metallic-foil condensers the expression becomes—
\

*Q = 4,000
V1 x

These empirical formulae are, of course, only applicable to thoroughly
desiccated condensers properly constructed of good material.

A special development of the paper condenser is the " inductive-
resistance " form introduced by Dr. Alexander Muirhead for the
balancing of long submarine cables. The onerous conditions of duplex
working on a long cable call for an artificial line whose electrical con-
stants in all respects approximate closely to those of the real cable. The
difficulty in constructing such artificial cables lies in the fact that the
constants to be matched are so many ; the artificial line must match
the real line in resistance and capacity, both in the aggregate and as
regards distribution, and at the same time the insulation resistance and
electrification must be similar in the two lines. These conditions
are closely met by the Muirhead grid type of condenser. This, as is
well known, differs only from the tinfoil condenser in that one set of
electrodes consists of plain sheets bunched together, while the other
set consists of sheets of foil cut into the form of a grid. The strips
forming the grid are joined in series and serve as a resistance. The
width of the strips may be chosen so as to give within a considerable
range any desired ratio between resistance and capacity. The insula-
tion and electrification constants are not so easily matched with
accuracy, but fortunately the insulation and electrification of high-class
condensers made from thoroughly desiccated paper impregnated with
paraffin, are of the same order as those of a gutta-percha submarine
cable, and an exact match of these constants is not essential. To
adjust the capacity and resistance of such an artificial line to a definite
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value at standard temperature is not difficult, since, for commercial
reasons, such condensers are invariably made up from a number
of separate plates, and although each of these may be expected to have
some variation from the precise figure aimed at, yet by combining high
and low plates together the aggregate may be made to agree very
closely with the desired figure, and the final adjustment may then be
made as with a resistance coil.

The question of maintaining the conductor resistance of such a con-
denser constant under varying temperatures is a more difficult problem,
and is one which, so far as the author is aware, has not been success-
fully solved ; the usual method is to get round the difficulty rather than
over it by choosing a situation for the artificial cable where the tem-
perature variations are reduced to a minimum.

The manufacture of such artificial cables is very expensive, owing
to the difficulty in handling the thin grid of tinfoil; this may, however,
be overcome by the use of foiled paper, since owing to the thinness
of the conducting film the.strips are much wider than if made of metal,
and they are consequently more easily handled. In illustration of this

it may be said that artificial cables of very high r-— ratio have
° capacity

been constructed of foiled-paper strip without difficulty. For example,
some have been made to match 20-lb. conductor paper-insulated
telephone cable, which has a resistance of 44 ohms per mile and
a distributed capacity of 0*054 microfarad per mile. Such a proportion
with solid metal strip would offer great manufacturing difficulty,
particularly as for artificial telephone cables it is necessary that both
electrodes be of the strip form ; for submarine cables with single con-
ductors the plates are alternately strip and sheet. It should, however,
be observed that the insulation obtainable from metallic strip and
plain paper is higher than is obtainable from ordinary foiled paper,
but by specially preparing the foiled paper this difficulty could probably
be overcome.

The workshop apparatus required for testing condensers during and
after manufacture depends, to a certain extent, upon the conditions of
service. Assuming that the condensers are required to comply with
the requirements of the Post Office Specification, the most satisfactory
testing set will be found to be a good strained-suspension reflecting
galvanometer, carefully calibrated for proportional throws and deflec-
tions, together with the usual universal shunt-box, short circuit, and
reversing keys, and a primary or secondary battery giving at least
400 volts. Dry cells of modern types and of not too small capacity
give satisfactory service for two years or more, but care must be taken
to insulate them satisfactorily. The galvanometer and other testing
instruments must be. carefully " guard-wired," otherwise the tests will
be more or less vitiated by leakage. No difficulty has been found in
training ordinary workmen to use reflecting galvanometers intelli-
gently and without damage. The strained suspension is of great value
in overcoming difficulties due to vibration of the building.
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The specification of the National Telephone Company provides for
tests of a less simple character. These tests involve the use of sinusoidal
alternating currents of speaking and ringing frequencies, and require
apparatus of special construction.

By the. courtesy of the National Telephone Company, Ltd., the
author is able to quote in the Appendix the technical details of this
specification.

IV. Electrolytic Cells.—These have not been received with much
favour in this country, but they were at one time used to a considerable
extent in Germany for common battery telephone work. They have,
however, been almost entirely discarded in favour of paraffined-paper
condensers. The only advantage which these "polarisation cells"
possess over condensers is with respect to size, a cell, or a set of cells,
capable of stemming back a direct current of 25 volts having a volume
of only about 5 cub. in. On the other hand, the cost of such a set
of cells is from three to four times that of a condenser of equal effective-
ness. The cells used appear to be of three classes, viz. : " Acid cells,"
consisting of two small electrodes of platinum dipping into an acid
solution; " sodium cells" (natronzellen), in which the electrolyte is a
solution of a sodium salt; and aluminium cells, in which the electrodes
consist of aluminium, and the electrolyte is some kind of basic solution.
The acid cells have a damming effect of about i"8 volt each, the
sodium cells about 27 volts, and the aluminium cells as much as 30 or
more volts. It is probable that the polarisation cell would never have
been developed as a practical device if the modern condenser had been
available at a reasonable price in the early stages of telephone develop-
ment. The disadvantage of the polarisation cell is that it is more or
less leaky, both electrically and mechanically. The permanent polarisa-
tion current passing through each cell is small, but on a system of
many thousand subscribers the aggregate leakage becomes consider-
able. The mechanical difficulty is, however, the more serious one. If
the cells are hermetically sealed they are liable to burst owing to the
gradual accumulation of gas, which has been known to cause pressures
up to 20 atmospheres. To avoid this difficulty some forms are provided
with a simple release valve. This is particularly necessary with
aluminium cells, as these are of larger size and evolve a greater
quantity of gas. It is, however, almost impracticable to prevent some
leakage of the solution, and in all the circumstances it is not surprising
that the chemical cell has been ousted by the static condenser.
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APPENDIX.

POST OFFICE SPECIFICATION FOR CONDENSERS, WOODEN CASED,
FOR TELEGRAPH PURPOSES.

•

The plates to be secured between substantial iron clamps and to be
boxed up solid and air-tight with an approved insulating compound,
the clamp being secured to the side of the case by means of suitable
lugs and screws.

The capacity of each section to be not more than 5 per cent, higher
or lower than the nominal value in the case of plates of 1 microfarad
and above, and not more than 10 per cent, higher or lower in the case
of capacities of less than 1 microfarad, and, in the case of signalling
condensers, the difference between the two halves of the condenser to
be not more than 0-25 microfarad.

The capacity of each section to be measured by taking the instan-
taneous discharge after the section has been charged for a period of
10 seconds with an electromotive force of 30 volts.

Each condenser will be tested for insulation and electrification, but
these tests will be taken on the condenser as a whole and not on the
separate sections, and the tests will be taken with .an E.M.F. of 400
volts as follows : The condenser being at a temperature of approxi-
mately 6o° Fahr., apply the battery for a period of two minutes. The
deflection shown after one minute.must indicate such an insulation
resistance in megohms that when multiplied by the capacity in micro-
farads the product shall be not less than 1,000. The deflection shall
steadily decrease during the second minute, and the difference between
the readings at the beginning and end of the second minute shall be
not less than 20 per cent, of the first minute reading for 1 microfarad
and the larger sized condensers, and ro per cent, of the first minute
reading for condensers less than 1 microfarad, but including 0'5 + 0-5.

The case to be of best well-seasoned Spanish mahogany and to be
thoroughly French polished.

POST OFFICE SPECIFICATION FOR CONDENSERS, METAL CASED, FOR
TELEPHONE PURPOSES.

The overall length, width, and thickness of the complete condenser,
including the outside soldering tags, not to exceed the following dimen-
sions, viz. :—

For condensers 0*5
r o
2 - 0

2 0

4"°
io-o

mfd. ...
,, ...
,, ...
,, ...
,, ...
„

4f in. X
4 ! in. X
4 ! in. X

2f in. X
4f in. x
4f in. x

(square) 4I in. x
4I in. X
4^ in. X

4I in. x
4f in. x

s

TV

i f

in.
in.
in.
in. X 1
in.

2U in.

fin.
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The maximum total weight allowed for each type of condenser,
complete with case, is as follows :—

o#5 mfd ... 4 oz.
r o •'„ ... 8 oz.
2/0 „ . . . 12 OZ.
2 0 „ (square) ... ... io oz.

' • ** • ' 4-0 „ ... i lb. 4 oz.
IO'O „ ... ... 2 lbs. 14 OZ.

The letters "G.P.O.," the manufacturer's approved code letter, the
year of manufacture, and the nominal capacity of the condenser, to be
plainly stamped on the metal case as on pattern. The stamping to
be done before the condenser is inserted in the case. The actual
capacity to be not more than 10 per cent, higher or lower than the
marked value.

The capacity to be measured by taking the instantaneous discharge
after the condenser has been charged for a period of 10 seconds with
an E.M.F. of 30 volts.

Each condenser will be tested for insulation and electrification, but
these tests will be taken on the condenser as a whole after fitting in the
case and not on separate sections. The tests will be taken with an
E.M.F. of 300 volts as follows : The condenser being at a temperature of
approximately 6o° Fahr., apply the battery for a period of two minutes.
The deflection shown after one minute must indicate such an insulation
resistance in megohms that when multiplied by the capacity in micro-
farads the product shall be not less than 300. The deflection shall
steadily decrease during the second minute, and the difference
between the readings at the beginning and the end of the second
minute shall be not less than 20 per cent, of the first minute reading.
• The insulation resistance between either of the outside soldering

tags and the metal case to be not less than 300 megohms.
The condenser plates to be tightly fitted in the metal case and the

top to be hermetically sealed before the metal top is put on. The
sealing composition must not be brittle or so soft that it will flow at a
temperature of 750 Fahr., and it must adhere firmly to the tinned iron
case.

The ebonite strup carrying the tags to be securely riveted to the
metal cap, and the latter to fit well and to be firmly soldered to the body
of the case at both ends.

The condensers to.be fully equal to pattern as regards workmanship
and finish.

The case to be stove-enamelled with a finish equal to that of the
pattern. • The enamel to be hard but non-chipping. .

NATIONAL TELEPHONE. COMPANY'S, SPECIFICATION FOR CONDENSERS
(TECHNICAL.DETAILS ONLY).

• 1. The capacity to be not less than r8 nor more than 2'2 micro-
farads when tested with direct current at 4 to 5 volts, and with an alter-
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nating current (sinusoidal wave) at 4 to 5 volts and 800 periods per
second.

2. The insulation resistance to be not less than 100 megohms
between the two plates and between the plates and the case when
tested with an E.M.'F. of 100 to 200 volts.

3. The condensers to withstand an E.M.F. of 400 volts maximum
(not R.M.S. value), alternating at 20 to 25 n o per second applied at the
terminals for a period of half a minute.

FOILED PAPER CONDENSERS.

TEMPERATURE COEFFICIENTS FOR CORRECTING INSULATION

RESISTANCE TO STANDARD TEMPERATURE (6O° FAHR.).

(400 Volts, 60 Seconds.)

Testing
Temperature.

Deg. Fahr.

50
51
52
53
54 •
55
56
57
58
59
60
61
62
63
64
65
66
67
6 8 •
69
70

To Correct to &o°,
Multiply by

0-710
O734
O-759
0785
0-812
0-840
0-870
0-901
0-933
0-966
I'OOO
I-o35
1-071
1-109
1-148
ri88
1-229
1-272
1-316
1-361
1-408

Testing
-Temperature.

Deg. Fahr.

71
72
73
74
75
76
77
78
79
80
81
82

83
84
85
86
87
88
89
90 c>

To Correct to 60°,
Multiply by

1-457
1-508
1-561
1-616
1-673
1732
1*793
i-855
1-919
1-986
2-055
2-127
2-202
2-279

' 2'358
2-440
2-525
2-6I3
2-704
2-799

Sir John
Gavey.

DISCUSSION.

Sir JOHN GAVEY : I should like to make one brief remark in refer-
ence to the introduction of the rolled method at Mount Pleasant. This
method was not of my design, as might be gathered from the
paper. I owe it to a hint given me by my good friends the Western
Electric Company, at New York and Chicago. The way in which
Mr. Mansbridge moved onwards from that in use in America to that


